We compute the top mass dependent NLO strong interaction matching conditions to the ∆F = 2 effective Hamiltonian in the general MSSM. We study the relevance of such corrections, comparing its size with that of previously known NLO corrections in the limit m t → 0, in scenarios with degeneracy, alignment, and hierarchical squarks. We find that, while these corrections are generally small, there are regions in the parameter space where the contributions to the Wilson coefficients C 1 and C 4 could partially overcome the expected suppression m t /M SU SY .
Introduction
The phenomenon of neutral meson mixing has been the subject of extensive studies within the field of flavor physics in the last decades, and has provided a good deal of knowledge concerning the flavor structure of the SM and of its extensions [1] . Experimental data on the mixing of K and B d mesons constrain very strongly the existence of sources of flavor violation beyond Minimal Flavor Violation within the first to families, pushing the scale of generic flavor violating New Physics far from the TeV scale [2, 3, 4] .
On the other hand, the knowledge we have of flavor transitions between the second and the third generation of quarks is not so precise. Besides theoretical reasons to expect New Physics to show its face in these type of transitions, there are already several experimental tensions that could be the effect of physics beyond the SM (see for example [5, 6] ). An important focus of the LHC era is to probe B s physics to a novel level of precision, with the objective of clarifying these issues. In this context, the progress towards higher theoretical precision in B s physics is necessary.
In the case of the Minimal Supersymmetric Standard Model (MSSM) without model dependent assumptions for the mecanism of supersymmetry breaking, the ∆F = 2 effective Hamiltonian describing neutral meson mixing is known to NLO in strong interactions. Leading order (LO) strong interaction matching conditions in the MSSM have been known
Effective Hamiltonian for ∆F = processes
The most general effective Hamiltonian for ∆F = 2 processes up to operators of dimension six can be written as (1) where C i are the Wilson coefficients and O i are the dimension six ∆F = 2 operators. In four dimensions there are eight independent operators of this type. Here we choose the following basis:
where P L,R = (1 ∓ γ 5 )/2 are the usual chiral projectors. To simplify the notation throughout the paper we focus on the case of B s −B s mixing, while other cases of interest can be recovered by obvious substitutions of quark fields. The mixing amplitude is obtained by taking the matrix element of the effective Hamiltonian between B andB states:
where Λ is the matching scale at which the Wilson coefficients are computed. The matrix U(m b , Λ) is the evolution matrix, that accounts for the renormalization group running of the coefficients down to the hadronic scale. The evolution matrix at NLO can be found for example, in Ref. [24] . The matrix elements of the operators can be found in Ref. [2] . These matrix elements are calculated in the RI-MOM scheme, which means that the Wilson coefficients used in Eq. (3) must be computed in the this scheme. The NLO Wilson coefficients presented here and in Ref. [11] are given in the NDR scheme. The prescription to translate between NDR, DRED and RI-MOM schemes involves rotating the set of coefficients with appropriate O(α s ) matrices, which are given for example in Ref. [10] .
Top mass dependent corrections
At two loops, the top quark appears for the first time inside the Feynman diagrams that contribute to the ∆F = 2 effective Hamiltonian. It appears in the one loop correction to the gluino propagator, in box diagrams such as those depicted in Fig. 1 .
A diagram of this kind is proportional to the following two loop integral: 
The squark rotation matrices Γ are defined as being the rotations that relate squark fields in the super-CKM basis (q I i,L ,q I i,R ) to the mass eigenstatesq i :
The masses and momenta can be normalized to the gluino mass: defining
The leading corrections for x t → 0 where computed in Ref. [11] . Expanding up to
where we have kept the pieces from the squark-top loop. We see that the m t /mg contribution is proportional to Γ The corresponding contributions to the Wilson coefficients in Eq. (1) from all these diagrams can be written as
where
, and the sum runs over 6 down-type squarks in the case of i, j and 6 up-type squarks for k.
In Eq. (8), the functions a ijk ℓ correspond to the m t = 0 contribution, and are given explicitly in Ref. [11] . The functions f ijk ℓ , g ijk ℓ and h ijk ℓ have been calculated here, and are given explicitly in Appendix A. The details of this calculation are the same as those described in Ref. [11] , and we refer the interested reader to that reference.
Size of the corrections
In this section we will study the size of the m t -dependent corrections. Naively, one expects these corrections to be at the few percent level with respect to the m t = 0 correction: the first term is of order m t /mg 20%, but contains a further suppression from the LR mass insertion; the second term is of order m 2 t /m 2 g few%. Constraints on the LR mass insertion come from vacuum stability considerations, which require that [25] :
but the exact bounds depend on the particular spectrum of the model. Therefore, the two contributions have roughly the same suppression. The question is whether the loop functions can account for a compensating enhancement, at least over some regions of the parameter space. In order to address this issue, we will explore the SUSY parameter space in three different scenarios: degeneracy, alignment and hierarchy.
Degeneracy
We consider the Wilson coefficients in the Mass Insertion Approximation, where the squark squared mass matrix in the super-CKM basis has degenerate diagonal entries much bigger than the off diagonal terms (mass insertions). The Wilson coefficients depend on a reduced set of parameters: the average squark mass M s , the gluino mass -through the parameter x ≡ m 
The functions a i (x) correspond to the m t = 0 contribution, and can be found in Ref. [10] . 1 The functions f i (x) and g i (x) can be found in Appendix B, where the complete expressions for the Wilson coefficients in the MIA are given.
In order to estimate the size of the new corrections, we consider the following ratios,
, and determine if there is a region in the variable x where any of these ratios are large. In Fig. 2 we show the Ratios R g i and R f i as a function of x for i = 1, .., 5. We see that the only contribution that can partially overcome the suppression is the contribution to C 1 . In the region x ∼ [0.5 − 1], this contribution could be up to ∼ 20% of the whole NLO contribution, if mg ∼ 1 TeV and δ tt LR ∼ 0.2. The same is obviously true for the coefficient C 1 . The rest of the contributions can be safely neglected over the whole parameter space in the degenerate scenario.
Alignment
A second scenario to consider is the "aligned" scenario, in which the squark mass eigenbasis is approximately aligned with the super-CKM basis. In this case, the diagonal squark masses can be different, with wide mass splittings. However, since the mixing angles are small (the rotation matrices are close to the identity), the off-diagonal entries (mass insertions) of the squark mass matrix in the super-CKM basis are small. An expansion in these mass insertions can be called the Non-degenerate MIA, or NDMIA.
From the full results of the Wilson coefficients presented in Appendix A and in Ref. [11] , the expressions of the WC's in the NDMIA can be obtained (see for example Section 6 of Ref. [11] ). These coefficients have the same structure as the MIA WC's, but they depend on a set of different squark masses instead of on a single variable x:
where the m t = 0 part depends on all 12 squark masses (as they all appear in the squark-quark loop): x = (xq L , xq R ), and the m t = 0 part depends on at most 6 masses:
. Also, the barred mass insertionsδ ij XY are the mass insertions normalized to the gluino mass (instead of to an average squark mass, which is now ill defined).
The large number of free parameters in this scenario does not allow for a consistent scan of the full parameter space. I any case, we are interested in finding "tipical" regions in which the new contributions are not negligible, so a full scan is not necessary. Since we are focusing on B s mixing, the most relevant squark masses are ms and mb, so the strategy is the following. We scan randomly over squark masses (up to several times the gluino mass) for all squark masses except ms and mb, and we plot in the ms-mb plane the ratios R The contributions to the other Wilson coefficients are all negligible, or at least we have not found any generic region where the ratios R i for i ≥ 2 are bigger than 1. As an example we show, in the right panel of Fig. 3 , the ratio R g 5 in the case of LR, RL mixing. The squark masses used are the same as in the previous case. We see that this ratio is tipically smaller than 1, and around ∼ 0.5 for ms, mb ∼ O(mg). Very similar results are obtained for the rest of the coefficients. 
Hierarchical squark masses
A third scenario to consider is the case of hierarchical squark masses. In this scenario, the first two generations of squarks are assumed to be much heavier than the rest of the supersymmetric spectrum, lying near the TeV scale. Besides satisfying naturalness criteria [26] , this scenario avoids flavor bounds from processes involving the first two families. This is due to the fact that contributions mediated by first two generation squarks are suppressed by a small ratio of masses, and the processes must proceed through the third generation, at the cost of containing an extra mass insertion.
A convenient parameterization of the squark rotation matrices in this scenario is the following [18] : 
where it should be understood that there are two rotation matrices (Γ U and Γ D ), each In this particular scenario, with this parameterization, and with no mass splitting between third generation u-type squarks, the corrections proportional to m t /mg are zero:
The loop functions f i related to the corrections proportional to m 2 t /m 2 g are, as happens in the other scenarios discussed previously, small with respect to their m t → 0 counterparts. We have checked that the ratios R f i in this case are below 10% in all cases. A mass splitting betweent L andt R can change the situation. We choose the "right handed" stop to be the one whose mass deviates fromm ℓ . In this case the ratios R g i are nonzero for C 1 , C 4 and C 5 . We find that these ratios are not more than a few percent for C 1 and C 5 , but they can be moderately large in the case of C 4 . In Fig. 4 we show the values of R g 4 as a function of x ℓ and xt R , taking for illustration for the other parameters the following values: x h = 1000, θ = 45
• and φ = 0. While this ratio is zero form ℓ = mt R , it increases with the mass splitting, ranging from ∼ −4 to ∼ 10 in a relatively wide region.
Conclusions
In this paper we have computed the top mass dependent two-loop squark-gluino corrections to the ∆F = 2 matching conditions. The expanded results for the Wilson coefficients up to order m pendix B in the Mass Insertion Approximation. This complements the results of Ref. [11] , that were obtained in the limit m t /mg → 0.
We have studied the relative size of this corrections compared to the m t → 0 results. For that matter we have considered three different SUSY scenarios. In the case of degeneracy, we find that the corrections are small and can be neglected in general, but there is a region for m 2 g /M 2 s ∼ 0.5 − 0.9 where the contribution to the coefficient C 1 could be notable.
In the case of alignment, the situation is very similar. All contributions are negligible, but there is again a region in which the contribution to C 1 could partially overcome the suppression, corresponding to values of the squark masses xs L , xb L ∼ 0.5 − 1.5. This is true for a chosen set of values for the rest of the squark masses, which are specified in the text.
In the case of the hierarchical squark mass scenario, the situation is quite different. The correction linear in m t /mg is strictly zero for degenerate stop quarks, given the chosen parameterization of the squark rotation matrices. When we allow for a mass splitting between left and right handed stops, these contributions are nonzero. We find that in this case they are negligible for all the coefficients except for C 4 . The contribution to C 4 can become relevant in some regions of the parameter space specified in Fig. 4 . 
A Wilson Coefficients
In this section we give the explicit expressions for the Wilson coefficients. We omit the results forC 1,2,3 , which are obtained from C 1,2,3 by exchanging L ↔ R in the squark rotation matrices. Here we give only the m t dependent part of the Wilson coefficients:
The functions depend on the squark masses through the squared mass ratios x i , defined as
A sum over i, j, k is understood, running over all right and left-handed squarks of u or d type depending on the case. We also define the product of squark rotation matrices:
Expanding the Wilson coefficients in powers of m t /mg we have, up to order (m t /mg) 2 :
The loop functions can be written as:
All these can be expressed in terms of 5 master functions, that we have chosen to be F 1 , F 2 , G 1 , G 2 and A, such that:
(18) The master functions are given by:
Here, the function Li 2 (x) denotes the dilogarithm defined in the usual way:
B Wilson Coefficients in the MIA
In this Section we present the expressions for the Wilson coefficients in the Mass Insertion Approximation. Again, we present only the m t dependent part of the Wilson coefficients:
The coefficientsC 1,2,3 are obtained from C 1,2,3 by exchanging L ↔ R in the squark rotation matrices, and C 
